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SEM-EDS、FTIR、XPS 以及 XAS 光谱分析对吸附前后材料进行表征，探讨砷吸
附反应机理。研究结果表明： 
(1) HCO 对 As(Ⅲ)和 As(Ⅴ)的吸附在初始阶段能较好的符合 Elovich 方程模
型，在吸附的全过程则符合拟二级动力学模型，同时符合颗粒内部扩散模型，表
明吸附的速率控制步骤为颗粒内部扩散。在 pH=4.6 时，HCO 对 As(Ⅲ)和 As(Ⅴ)
的吸附速率均随温度的升高而升高。 
(2) HCO 对 As(Ⅲ)和 As(Ⅴ)的等温吸附均符合 Langmuir 等温吸附模式，
pH=4.6 时，HCO 对 As(Ⅲ)和 As(Ⅴ)的 大吸附量均随温度的升高而升高，90℃






(4) XRD 和 SEM-EDS 分析表明吸附反应前后样品的晶型和结构没有发生变
化但材料孔隙有所减少；FTIR 分析表明 HCO 表面 OH-在吸附中起重要作用，随
着温度升高，As-O 的伸缩振动均向高频移动。HCO 对砷的吸附机理趋向于以化
学吸附为主的专性吸附；XPS 和 XAS 分析表明 HCO 在吸附 As(Ⅲ)过程中发生
















 - II - 
Abstract 
Arsenic is a ubiquitous metalloid element famous for its high toxic; it has great 
harm to human body in water environment. In recent years, with the increased 
development and utilization of geothermal water, arsenic pollution comes from the 
geothermal water system has drawn increasingly attention of researchers at home and 
abroad. The large-scale development of high arsenic geothermal water discharged 
directly into the environment is one of the reasons for arsenic pollution. So the study 
of high water temperature and multicomposition coexistence condition for the 
selective adsorption of arsenic could meet the key of geothermal water arsenic 
removal. 
The research use Hydrous Ceric Oxide(HCO) as adsorbent, study the adsorption 
kinetics, adsorption isotherm and multicomposition coexistence ions for As(Ⅲ) and 
As(Ⅴ) in different temperatures, combined with XRD, SEM-EDS, FTIR, XPS and 
XAS to characterizing the materials before and after adsorption, in order to discusses 
the reaction mechanism of arsenic adsorption. The results of the study show that: 
(1) The adsorption of As(Ⅲ) and As(Ⅴ) on HCO can better fit with Elovich 
equation in the initial stage and fit with pseudo-second order kinetic model in the 
whole process. The intro-particle diffusion model showed that the adsorption rate 
control step is intro-particle diffusion. The adsorption rate of As(Ⅲ) and As(Ⅴ) on 
HCO increased with the increase of temperature in pH 4.6. 
(2) The adsorption isotherm of As(Ⅲ) and As(Ⅴ) on HCO both fit with Langmuir 
isotherm. The largest adsorption capacity increased with the increase of temperature 
in pH 4.6. For As(Ⅲ) and As(Ⅴ) qmax is 161.3 and 137.0 mg/g respectively in 90℃. 
The thermodynamic study showed that the adsorption of arsenic is a spontaneous 
process, and the higher temperature is, the greater spontaneous degree react. 
(3) In the multicomposition coexistence condition, the removal rate of As(Ⅲ) 
declined, because SO4
2-、Cl- form competitive adsorption with As(Ⅲ); the removal 
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(4) XRD and SEM-EDS analysis showed that the material crystal structure and 
shape have not changed after arsenic adsorption, but material pore reduced. FTIR 
analysis showed that the surface OH- in HCO plays an important role in adsorption. 
With the increase of temperature, As-O vibration moved to higher frequency. The 
adsorption mechanism of arsenic on HCO tends to be chemical adsorption. XPS and 
XAS analysis showed that redox reaction occurred during the process of As(Ⅲ) 
adsorption, Ce(Ⅳ) was reduced to Ce(Ⅲ), and As(Ⅲ) was oxided to As(Ⅴ). 
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现出多种价态， 常见的是-3、+3 和+5 价，主要价态为三价和五价。 
自然界中砷极少以单质状态存在，砷在地壳中的含量约为 1.5-3 mg/kg，排
第 20 位，海水中排第 14 位，人体中排第 12 位[7]。除发现少量的天然砷外，已








酸盐[Arsenate, As(Ⅴ)]形态存在，As(Ⅲ)比 As(Ⅴ)的毒性高 60 倍[9]。存在于地表
水和地下水中的 As(Ⅲ)和 As(Ⅴ)在较宽的 pH 范围内都处于可溶性状态。在有氧
条件下，As(Ⅴ)更为稳定，是砷的主要存在形式；而在无氧条件下，As(Ⅲ)是主
要存在形式。氧化还原电位（Eh）和酸碱度（pH）是控制水溶液中砷的形态分
布的主要因素，图 1.1 为不同 pH 值及 Eh 值下砷的形态，图 1.2 分别为不同 pH
下，As(Ⅲ)和 As(Ⅴ)各形态分布百分比。 
水体中的 H3AsO3 可电离生成亚砷酸根等离子： 
+− +↔ HAsOHAsOH 3233    pKa1=9.2 
+−− +↔ HHAsOAsOH 2332    pKa2=12.1 
+−− +↔ HAsOHAsO 33
2
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